1. Introduction {#sec1}
===============

Skin researchers are focusing on the development of skin anti-aging and whitening products. Aging is the cumulative result of oxidative damage to the cells and tissues [@bib1]. Free radicals are known to be implicated in skin aging as well as in other diseases affecting the human body [@bib2]. Furthermore, oxidative stress also alters the redox state of cell membrane proteins in skin cells resulting in melanogenesis [@bib3]. Tyrosinase is a crucial enzyme that primarily catalyzes and rate-limits the stages of melanogenesis [@bib4]. Thus, inhibition of tyrosinase activity is the most prominent method for the downregulation of melanogenesis. Antityrosinase agents inhibit melanin biosynthesis, which is related with hyperpigmentation disorders such as freckles and age spots [@bib5].

Human skin is the principal body protection against environmental factors. High importance lies in the lipid matrix in the outer layer of the skin, the stratum corneum. One of its main functions is to prevent disproportionate water loss through the epidermis [@bib6]. Therefore, appropriate hydration of the skin is a key factor for the normal skin function [@bib7]; skin moisturizers hydrate and prevent water loss in the stratum corneum.

To battle skin aging, aging spots, and drying stresses, the antioxidant and antityrosinase activities, and moisture retention capacity of cosmetic ingredients are of paramount importance in the field of cosmetics.

*Panax ginseng* Meyer is a long-term growing perennial plant of the Araliaceae family [@bib8]. The importance of ginseng lies in its multiple pharmacological functions such as anticancer activity, as well as antistress, antifatigue, antioxidant, and aging inhibitory effects [@bib9]. Most of the research on *P. ginseng* has focused on the study of the active ingredients in the root. However, a recent report indicates that ginseng leaves contains similar biological activities, and pharmacological and chemical profiles to the root [@bib10]. As a starting point for our study and based on ginseng leaves, particularly the phytochemical profile, we follow our previous work "A strategic approach for rapid synthesis of gold and silver nanoparticles by *P. ginseng* leaves" [@bib11], in which we described the synthesis and characterization of gold and silver nanoparticles (NPs) from extract of *P*. *ginseng* leaves as well as their remarkable biological applications as antimicrobial and potent anticoagulant agents. In this study, regarding gold nanoparticle (AuNP) synthesis from *P*. ginseng leaves in particular, we concluded that (1) their synthesis is fast, as it takes only 3 min; (2) they are spherical in shape; and (3) their size is between 10 nm and 20 nm. The aim of our new study is to explore AuNPs from *P. ginseng* leaves as a novel cosmetic material. Recent reports highlight the positive benefit of engineered NPs for use in cosmetics [@bib12], [@bib13]. The cosmetics industry is among the first to benefit from the advantages of nanotechnology through the adoption of tailor-made NPs to enhance the performance and bioavailability of active ingredients in cosmetics products such as perfumes, sunscreens, antiaging creams, and moisturizers [@bib14]. Although AuNPs have shown high antibacterial and antifungal properties and have been used in cosmetic products (e.g., face packs, antiaging creams, anti-inflammation products, and skin wound disinfection products) [@bib12], there are no reports on the application of AuNPs from *P. ginseng* leaves as antioxidant, antityrosinase, and moisture retention agents for cosmetics. Tests for antioxidant activity by means of DPPH, moisture retention, and antityrosinase effect against mushroom tyrosinase have been performed. These were followed by *in vitro* safety assessment of *P. ginseng* Au nanoparticles (*Pg*AuNPs) in a comparative cytotoxicity study between human dermal fibroblast (HDF) and B16 cells. In addition, *Pg*AuNP\'s whitening effect was confirmed with B16 cells through cellular melanin content, tyrosinase activity, and mRNA tyrosinase expression inhibition assays with the aim of developing a possible new cosmetic material.

2. Materials and methods {#sec2}
========================

2.1. Materials {#sec2.1}
--------------

*P. ginseng* leaves AuNPs were synthetized and characterized as in our previous report [@bib11]. Dulbecco\'s modified Eagle\'s medium (DMEM), fetal bovine serum (FBS) and penicillin--streptomycin solution were purchased from GenDEPOT (Texas, USA), soluble 3-(4,5-dimethyl-thiazol-2yl)-2,5-diphenyl tetrazolium bromide (MTT) was purchased from Life Technologies (Texas, USA), arbutin and [l]{.smallcaps}-3,4-dihydroxyphenylalanin ([l]{.smallcaps}-DOPA) were obtained from Abcam (Cambridge, UK), and á-melanocyte stimulating hormone (á-MSH) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were purchased from Sigma (St. Louis, MO, USA).

2.2. Free radical scavenging activity of *Pg*AuNPs {#sec2.2}
--------------------------------------------------

The potential antioxidant activity of *Pg*AuNPs was determined on the basis of the free radical scavenging activity of DPPH, and the protocol described by Brand-Williams et al. [@bib15] was used with slight modifications. Aliquots of 180 μL of 0.1mM methanolic solution of DPPH were added to 20 μL of nanoparticle solution containing different concentrations (20--150 μg/mL) of *Pg*AuNPs. Ascorbic acid was used as a positive control. Absorbance values at 517 nm were determined after 30 min using a UV--Vis spectrophotometer. The percent inhibition activity was calculated as follows: \[(Absorbance of DPPH − (Absorbance of sample -- Absorbance of Control))/Absorbance of DPPH\] × 100, where absorbance of sample is the absorbance of the DPPH solution with NPs and absorbance of control is the absorbance of the *Pg*AuNP solution.

2.3. Evaluation of moisture retention {#sec2.3}
-------------------------------------

The *in vitro* moisture retention activity of *Pg*AuNPs was assayed gravimetrically as described in a previous report [@bib16] with slight modifications. One milliliter of *Pg*AuNP solution was incubated for 72 h at 37°C and 55% relative humidity. The weights prior to (*W*~i~) and after (*W*~f~) the incubation were measured by an electronic balance. Glycerin was used as moisture retention control, as it is frequently used in cosmetic preparations. The moisture retention rate (*R*~r~) was evaluated by the weight loss of the sample: *R*~r~ (%) = \[1 − (*W*~i,\ sample~ − *W*~f,\ sample~)/(*W*~i,\ control~ − *W*~f,\ control~)\] × 100.

2.4. Effect of *Pg*AuNPs on mushroom tyrosinase activity {#sec2.4}
--------------------------------------------------------

The activity of mushroom tyrosinase was spectrophotometrically determined as previously described with minor modifications [@bib17]. [l]{.smallcaps}-DOPA (2mM, 0.05 mL) in phosphate-buffered saline (PBS; 50mM, pH 6.8) and 0.05 mL of the same buffer with or without test sample were added to a 96-well microplate; then, 0.05 mL of mushroom tyrosinase (200 U/mL) was mixed in. After incubating the mixture at 37°C for 30 min, the optical density was measured at 492 nm using an enzyme-linked immunosorbent assay (ELISA) reader (Bio-Tek Instrument, Winooski, VT, USA). The inhibition rate of tyrosinase was calculated as follows: % = \[(*A* − *B*)/*A*\] × 100, where *A* indicates difference of absorbance without the sample and *B* indicates absorbance with enzyme or sample.

2.5. Cell culture {#sec2.5}
-----------------

HDF and murine melanoma B16BL6 cell lines were obtained from the Korean Cell Line Bank (Seoul, Korea). Cell lines were cultured in DMEM and supplemented with 10% of FBS and 1% penicillin--streptomycin at 37°C in a humidified 95% air and 5% CO~2~ atmosphere as described previously [@bib18], [@bib19].

2.6. Cell viability assay {#sec2.6}
-------------------------

The effect of *Pg*AuNPs on cell viability was measured using the MTT assay method [@bib20]. Retinoic acid (RA) was used as assay control. Cells were seeded at a density of 1 × 10^5^ in 96-well plates and cultured for 24 h. At 90% confluency, cells were treated with various concentration of *Pg*AuNPs or RA (0.1--100 μg/mL) for 24 h, 48 h, and 72 h. After the incubation period, 10 μL of MTT assay solutions (5 mg/mL in PBS) was added to each well and further incubated at 37°C for 3 h; then finally, 100 μL dimethyl sulfoxide was added to dissolve the formazan crystals. The absorbance was measured at 570 nm with an ELISA reader.

2.7. Effect of *Pg*AuNPs on cellular melanin content {#sec2.7}
----------------------------------------------------

B16 melanoma cells were seeded at a density of 2 × 10^5^ cell/well in six-well culture plates and incubated overnight in a humidified atmosphere containing 5% CO~2~ in air at 37°C. The cells were then treated with medium containing α-MSH and samples for 72 h. Next, 200 μL of the medium was transferred to a 96-well plate, and the amount of melanin in the cell-free culture medium was spectrophotometrically measured at 405 nm and was calculated as follows: % = \[(Absorbance of sample/Absorbance of Control)\] × 100 [@bib21]. The cellular melanin content of the cultured B16 cells was tested as described previously with slight modifications [@bib22], [@bib23]. In brief, the medium was removed and cells were washed with PBS. Then cells were harvested with trypsin and the cell pellet was solubilized in 500 μL of 1N NaOH containing 10% dimethyl sulfoxide at 80°C for 1 h. The relative melanin content was determined by measuring the absorbance at 475 nm in an ELISA reader. A standard curve for synthetic melanin (0--500 μg/mL) was prepared for each experiment. Melanin production was expressed as percentage of untreated controls.

2.8. Tyrosinase activity assay {#sec2.8}
------------------------------

Tyrosinase activity was assayed as DOPA oxidase activity [@bib24], and B16 cells were cultured in six-well plates at a density of 4 × 10^5^ cell/well with 100nM α-MSH. After 72 h, the cells were treated with various concentrations of *Pg*AuNPs (1--100 μg/mL); after 72 h, the medium was removed and cells were washed with iced-cold PBS, and lysed with phosphate buffer (pH 6.9) containing 1% Triton X-100. The mixture was freeze-thawed by incubating at −80°C for 15 min and then kept at room temperature for 10 min. The samples were clarified by centrifugation at 12,000*g* for 15 min. After centrifugation, 10 μL of freshly prepared substrate solution (15mM [l]{.smallcaps}-DOPA in 50mM pH 7.1 sodium phosphate buffer) was added to 90 μL of lysate supernatant and incubated at 37°C for 1 h. The absorbance was then measured at 475 nm using an ELISA reader.

2.9. Reverse transcription-polymerase chain reaction {#sec2.9}
----------------------------------------------------

Total RNA was extracted using Trizol reagents solution (Sigma). Reverse transcription (RT) and cDNA amplification were carried with 2 μg of total RNA using a Thermo-Scientific cDNA synthesis kit (Thermo-Scientific, Waltham, MA, USA,) according to the manufacturer\'s instructions. The cDNA obtained was amplified with the following primer: tyrosinase, forward 5′-ATGGGTCAACACCCATGTTT-3′ and reverse 5′-GGCAAATCCTTC CAGTGTGT-3″; melanogenesis-associated transcription factor (MITF), forward 5′-CGGGATGCCTTGTTTATGGT-3′ and reverse 5′-TGCCTCTGAGCTTGCTGTAT-3′. The reaction was cycled 25 times, for 30 s at 95°C, 30 s at 58°C, and 60 s at 72°C. The amplified RT-polymerase chain reaction (PCR) products were analyzed on 0.8% agarose gels, visualized by ethidium bromide staining, and photographed under ultraviolet light. The quantitative real-time PCR was performed using an R-Corbett Rotor-Gene Model 6000 (Sydney, Australia), with SYBR Green qPCR Super Mix UDG kit (Invitrogen, Carlsbad, CA, USA). The relative expression levels of the target genes against (GAPDH) as reference gene were calculated using the delta cycle threshold (*C*~t~) method [@bib25].

3. Results and discussion {#sec3}
=========================

3.1. Scavenging effect of *Pg*AuNPs {#sec3.1}
-----------------------------------

The results of our study revealed that *Pg*AuNPs exhibited the activity of DPPH free radical scavenging activity in a dose-dependent manner ([Fig. 1](#fig1){ref-type="fig"}). However, *Pg*AuNPs showed moderate free radical scavenging activity (79.2%) compared to the assay control. *In vitro* DPPH radical scavenging assay showed that *Pg*AuNPs (IC~50~ = 141.3 ìg/mL) had better antioxidant activity than *P. ginseng* leaves extract reported previously by Jung et al. [@bib26]. A possible reason for the higher antioxidant activity of *Pg*AuNPs may be correlated with the presence of copious bioactive compounds in *P. ginseng* leaves extract that enhance *Pg*AuNP\'s phytochemical properties; the most remarkable compounds are ginsenosides, polysaccharides, triterpenoids, and flavonoids [@bib10]. Moreover, the increased antioxidant activity of *Pg*AuNPs can be credited to the adsorption of existing bioactive compounds of the *P. ginseng* leaves extract. The interaction of plant metabolites with metal ions during NP formation may result in improved free radical scavenging compounds. In addition, the electrostatic attractions between negatively charged phytochemicals and positively or neutrally charged *Pg*AuNPs act synergistically to improve the bioactivity of plants [@bib27], [@bib28].Fig. 1Increasing 2,2-diphenyl-1-picrylhydrazyl (DPPH) free-radical-scavenging activity of different concentrations (1--150 μg/mL) *Pg*AuNPs. Results are expressed as mean ± SD of three separate experiments. For DPPH assay, ascorbic acid (1--150 μg/mL) was used as reference standard. *Pg*AuNPs, *Panax ginseng* leaves-capped gold nanoparticles; SD, standard deviation.Fig. 1

3.2. Evaluation of moisture retention {#sec3.2}
-------------------------------------

Proper hydration of skin is crucial for healthy skin function, and moisturizers are essential components of basic skin care. The *in vitro* moisture retention property *Pg*AuNPs was examined gravimetrically and compared with that of glycerin. Recent studies report that glycerin exists in the skin\'s outer layer, the stratum corneum, as a natural endogenous humectant [@bib29]. Glycerin is also a cosmetic ingredient regularly used as a hygroscopic and humectant agent. [Fig. 2](#fig2){ref-type="fig"} shows that *Pg*AuNP solutions (1%, 5%, and 10%) have similar values of moisture retention activities, at 75.6%, 74.3%, and 74.3%, respectively. These values are close to that obtained (79.7%) for glycerin solution at 10%, thereby confirming the moisture retention property of *Pg*AuNPs from *P. ginseng* leaves.Fig. 2Moisture retentions of *Pg*AuNP solution (1--10%). Results are expressed as mean ± SD of three separate experiments. For moisture retention assay, glycerin solution (10%) was used as reference standard. *Pg*AuNPs, *Panax ginseng* leaves-capped gold nanoparticles; SD, standard deviation.Fig. 2

3.3. Effect of *Pg*AuNPs on mushroom tyrosinase inhibition {#sec3.3}
----------------------------------------------------------

Tyrosinase is a binuclear copper-containing enzyme that catalyzes two different reactions using molecular oxygen. Initial reaction consists in the hydroxylation of tyrosine to DOPA (monophenolase activity) and diphenolase activity catalyzes the oxidation of DOPA to dopaquinone [@bib30]. For this purpose, [l]{.smallcaps}-DOPA was used as a substrate to determine the inhibitory effect of *Pg*AuNPs on the diphenolase activity of the mushroom tyrosinase. The inhibitory effect of *Pg*AuNPs on the activity of mushroom tyrosinase for the oxidation of [l]{.smallcaps}-DOPA was investigated by UV--Vis spectrophotometer [@bib21]. The inhibitor concentration leading to 50% activity lost (IC~50~) by *Pg*AuNPs was 16.06 μg/mL, which is similar to that recorded in the control drug, arbutin (14.3 μg/mL). Antityrosinase activity in *Pg*AuNPs synthetized from *P. ginseng* leaves extract could be from flavonoids absorbed by *Pg*AuNPs, the corresponding flavonoids\' ability to chelate two coppers at the active site of tyrosinase enzyme [@bib31]. In their previous work, Seo et al. [@bib32] reported that the crude methanol extract of the fresh leaves of *P. ginseng* showed the inhibitory activity on mushroom tyrosinase.

3.4. Effect of *Pg*AuNPs on cell viability of B16 and HDF cells {#sec3.4}
---------------------------------------------------------------

To assess the effects of *Pg*AuNPs on cell viability, mouse B16 and HDF cells were used as *in vitro* models and RA as assay control. Cells were cultured and treated with different concentrations of *Pg*AuNPs or RA (1--100 μg/mL), and cell viability was measured using the MTT assay after 24 h, 48 h, and 72 h. Control wells were incubated with fresh free serum media, and experiments were repeated in triplicates. As shown in [Fig. 3](#fig3){ref-type="fig"}, cells treated with *Pg*AuNPs did not have cytotoxic effects on the viability of HDF and B16 cells at concentrations ≤100 μg/ml. No visible changes in cell morphology were noted between the treated cells and control groups treated at different times and concentrations. By contrast, cell viability of B16 and HDF cells decreased at concentration ≥ 10 μg/mL when treated with RA. This result is in accordance with previous reports [@bib33], [@bib34]. Other researchers have reported that AuNPs were uptaken by cells via the clathrin-mediated endocytosis pathway [@bib25]. This finding suggests that *P. ginseng* leaves extract capped AuNPs could be taken up by HDF and B16 cells in a similar manner. Based on the results of this preliminary study, it is indicated that inhibition of melanogenesis by *Pg*AuNPs can be attributed to their ability to inhibit tyrosinase activity rather than to their cytotoxic effects.Fig. 3Cell viability of HDF and B16BL6 cells after treatment with *Pg*AuNPs at different time points: (A) 24 h. (B) 48 h. (C) 72 h. Cell viability of HDF and B16BL6 cells after treatment with RA for different time intervals: (D) 24 h. (E) 48 h. (F) 72 h. Cells (1 × 10^5^ cells/well) were incubated with various concentrations (0.1--100 μg/mL) of *Pg*AuNPs or RA. Cell viability was determined by 3-(4,5-dimethyl-thiazol-2yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. Note that samples did not show any toxicity effect up to 100 μg/mL for *Pg*AuNPs. Results are expressed as a percentage of sample-treated control and presented as mean ± SD of three separate experiments. \*\*\**p* \< 0.001 versus control by Student *t* test. HDF, human dermal fibroblast; *Pg*AuNPs, *Panax ginseng* leaves-capped gold nanoparticles; RA, retinoic acid; SD, standard deviation.Fig. 3

3.5. Effect of *Pg*AuNPs on cellular melanin content {#sec3.5}
----------------------------------------------------

[Fig. 4](#fig4){ref-type="fig"}A shows the dose-dependent reduction in melanin content of *Pg*AuNPs in cell-free culture medium in B16 cells stimulated with α-MSH and after 72 h treatment with *Pg*AuNPs. B16 cells treated with 100nM of α-MSH significantly increased melanin production as opposed to B16 control cell.Fig. 4Inhibition effect of *Pg*AuNPs on melanin content in B16 cells. Cells (2 × 10^5^ cells/well) were incubated with different concentrations (1--100 μg/mL) of *Pg*AuNPs or arbutin (100 μg/mL) in the presence of 100nM of α-MSH for 72 h. (A) Extracellular melanin content, the melanin levels contained in 100 μL of the medium containing the cells were determined reading the OD value of each sample. Below is a picture of the color intensity of extracellular melanin production in media. (B) Intracellular melanin content was determined as described in Materials and methods. Below is a picture of B16 cell pellet after centrifugation. Results are expressed as a percentage of α-MSH-treated control and presented as mean ± SD of three separate experiments. \**p* \< 0.05, \*\**p* \< 0.01, \*\*\**p* \< 0.001 versus α-MSH treated control by Student *t* test. α-MSH, α-melanocyte stimulating hormone; OD, optical density; *Pg*AuNPs, *Panax ginseng* leaves-capped gold nanoparticles; SD, standard deviation. C stands as for assay control and ^\#\#\#^*P* 0.001 versus assay control (C).Fig. 4

In addition, *Pg*AuNPs led to a dose-dependent decrease in cellular melanin production in α-MSH stimulated cells. B16 cells treated with 100 μg/mL of *Pg*AuNPs show higher inhibition compared with those treated with same concentration of arbutin ([Fig. 4](#fig4){ref-type="fig"}B). The antimelanogenic effect of *Pg*AuNPs is probable attributable to the *p*-coumaric acid, which was identified as a major tyrosinase inhibitor in *P*. *ginseng* leaves extract [@bib35]. *p*-Coumaric acid was identified as an antimelanogenesis agent in B16F10 melanoma cells stimulated by α-MSH, because of its structural similarity with tyrosinase [@bib36]. In addition, phenolic compounds in *P. ginseng* leaves-capped AuNPs are capable of inhibiting tyrosinase and reducing melanin synthesis, whereas ginsenosides prevent the intracellular increase of reactive oxygen species. Reactive oxygen species are responsible for altering the redox state of cell membrane proteins, resulting in increasing the rates of melanin production and leading to dark skin [@bib3], [@bib37].

3.6. Effect of *Pg*AuNPs on tyrosinase activity in B16BL6 cells {#sec3.6}
---------------------------------------------------------------

Cellular tyrosinase activity was significantly increased in B16 cells treated with α-MSH alone compare to control cells ([Fig. 5](#fig5){ref-type="fig"}). *Pg*AuNPs suppressed tyrosinase activity in a dose-dependent manner. *Pg*AuNP treatment was more effective than arbutin (10 μg/mL) at concentrations of 10 μg/mL and 100 μg/mL. These results are in accordance with a previous report in which *p*-coumaric acid (mayor tyrosinase inhibitor in *P. ginseng* leaves extract) strongly inhibited human and murine tyrosinase in comparison with arbutin [@bib38]. Enzyme kinetics analysis indicates that *p*-coumaric acid is a competitive inhibitor for DOPA for human tyrosinase [@bib38].Fig. 5Inhibitory effect of melanogenesis of *Pg*AuNPs through inhibition of tyrosinase activity. B16 cells (4 × 10^5^ cells/well) were incubated with various concentrations of (1--100 μg/mL) *Pg*AuNPs or arbutin (100 μg/mL) in the presence of 100nM of α-MSH for 72 h. Tyrosinase activity in cellular lysates was determined as described in Material and methods. Results are expressed as a percentage of α-MSH-treated control and presented as mean ± SD of three separate experiments. \*\**p* \< 0.01, \*\*\**p* \< 0.001 versus α-MSH-treated control by Student *t* test. α-MSH, α-melanocyte stimulating hormone; *Pg*AuNPs, *Panax ginseng* leaves-capped gold nanoparticles; SD, standard deviation. C stands as for assay control and ^\#\#\#^*P* 0.001 versus assay control (C).Fig. 5

3.7. Effect of *Pg*AuNPs on gene expression of tyrosinase {#sec3.7}
---------------------------------------------------------

TYR gene encodes an enzyme called tyrosinase. Tyrosinase is a copper-containing enzyme responsible for the pigmentation in mammals [@bib39]. Increase in the production of melanin has been involved in hyperpigmentation or darkening of the skin, and this can be avoid by controlling the activity of tyrosinase and microphthalmia-associated transcription factor, which is crucial in the regulation of melanocyte proliferation, melanogenesis, and a major regulator of tyrosinase [@bib19]. As proof-of-concept, we study the effect of *Pg*AuNPs induced inhibitory effect on melanogenic related genes. We further examined the effect of *Pg*AuNPs on the mRNA expression level of tyrosinase transcription and MITF genes.

The RT-PCR and PCR data for our experiments proved that, in the case of cells treated with *Pg*AuNPs, in comparison with the ones without any therapy (á-MSH stimulated cells), the expression levels of the TYR gene responsible for the synthesis of the tyrosinase protein and MITF gene major regulator of tyrosinase are downregulated, as shown in [Fig. 6](#fig6){ref-type="fig"}A--D. The expression level is further decreased when the *Pg*AuNP concentrations are increased and compared to cells treated with arbutin (control drug), and the difference is statistically significant (*p* \< 0.001). These results indicate that *Pg*AuNPs inhibited tyrosinase at the transcriptional level, suggesting its role in skin whitening.Fig. 6Effect of on *Pg*AuNPs mRNA expression of melanogenesis-related genes. Cells (4 × 10^5^ cells/well) were treated with various concentrations of (1--100 μg/mL) *Pg*AuNPs or arbutin (100 μg/mL) in the presence of 100nM of α-MSH for 72 h. Then cells were harvested and total RNA was extracted. mRNA expression was visualized by RT-PCR. (A) Tyrosinase (TYR). (B) Microphthalmia-associated transcription factor (MITF). The size of amplified gene products was 528 bp for GAPDG. (C) Tyrosinase, 563 bp.(D) MITF, 216 bp. Results as a percentage of α-MSH-treated control and presented as mean ± SD of three separate experiments. \**p* \< 0.05, \*\**p* \< 0.01, \*\*\**p* \< 0.001 versus α-MSH-treated control by Student *t* test. α-MSH, α-melanocyte stimulating hormone; *Pg*AuNPs, *Panax ginseng* leaves-capped gold nanoparticles; RT-PCR, reverse transcription-polymerase chain reaction; SD, standard deviation. C stands as for assay control and ^\#\#\#^*P* 0.001 versus assay control (C).Fig. 6

4. Conclusion {#sec4}
=============

The study highlights the evaluation of *P. ginseng* leaves-capped AuNPs as material for cosmetic applications. *P. ginseng* leaves extract, a notable bioactive constituent, produces AuNPs with multifunctional properties and effects for cosmetic applications. *Pg*AuNPs can effectively and gradually scavenge the radical cations, have moisture retention properties, and are able to suppress mushroom tyrosinase. In addition, *Pg*AuNPs are nontoxic to HDF and B16 cell and are capable of reducing melanin content in stimulated α-MSH B16 cells as well as cellular tyrosinase activity. The whitening effect of *Pg*AuNPs is mediated trough the suppression of mRNA expression levels of tyrosinase enzyme and MITF. These results suggest that *P. ginseng* leaves-capped AuNPs could be a promising multifunctional ingredient in cosmetics. However, it should be noted that this study uses *Pg*AuNPs as a proof-of-concept investigation. Further studies should be performed on cosmetic formulations containing *Pg*AuNPs as an ingredient.
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